Persistent social class mortality differences in New Zealand men aged 15-64: an analysis of mortality during 1995-97 Abstract Objective: Social class mortality differences in New Zealand men aged 15-64 years have previously been examined for the periods 1975-77 and 1985-87 using the Elley-Irving social class scale. The objective was to repeat these analyses for 1995-97 in order to examine time trends, and to assess current social class patterns of mortality. Methods: Age-standardised mortality rates were calculated for each social class and a weighted estimate of the social class mortality gradient was obtained. Results: Male mortality declined 21% between 1985-87 and 1995-97, but the social class mortality differences have not diminished and may have even increased.
The Relative Index of Inequality has increased from 1.8 in 1975-77 to 2.1 in 1985-87 and 2.3 in 1995-97. Unlike previous analyses, the relative social class mortality gradient was just as strong in the older age groups as in the younger age groups, indicating that the possible increase in social class gradient has largely occurred in the older age groups. Conclusions: These findings indicate that the potential to address the excess preventable mortality caused by socioeconomic factors has not been fully realised in New Zealand. Implications: Social class analyses identify groups in the community that have an excess mortality that is potentially preventable. There are still major social class differences in mortality in New Zealand, and these differences may even have increased. It is important that these patterns are taken into account in public health planning and that further research is conducted to identify the mechanisms by which these differences occur.
(Aust N Z J Public Health 2002; 26: 17-22) I t has long been established that socioeconomic factors are major determinants of health and mortality. 1 However, although the existence of such inequalities is well established, it has not been established as to which socio-economic factors are most important or whether there is a generic package of socio-economic disadvantage that drives the social patterning of health. Socio-economic factors such as income, education, area characteristics and occupation are all strongly related to overall health, 1 although the patterns are different for different diseases. 2 These various socioeconomic factors are all correlated with each other and few studies have had the necessary data, or the necessary statistical power and measurement accuracy, to attempt to separate their effects. Thus, the choice of measure has largely depended on practical considerations, such as the availability of occupational information on death certificates 1 or the availability of mortality data by areas grouped according to an index of deprivation. 3 Thus, 'social class' can be used as a convenient summary term for various socioeconomic factors such as education, income, assets, housing and occupation, but can also be used to denote more profound divisions within society. Whatever its interpretation, it is of interest to assess the strength of social class differences in mortality in New Zealand and the extent to which these are
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Department of Public Health, Christchurch School of Medicine, New Zealand increasing or decreasing over time. Social class mortality differences in New Zealand males aged 15-64 have previously been investigated for the period 1975-77 1,2,4-6 and 1985-87 7 using the Elley-Irving scale, which groups occupations into six socio-economic categories. [8] [9] [10] [11] This analysis has now been repeated for the period 1995-97 using the recently developed New Zealand Socioeconomic Index (NZSEI). 12 In this paper, we describe the trends and patterns in overall male mortality. The social class mortality patterns in the Maori and non-Maori populations are described separately in an accompanying paper. 13
Methods

Mortality and Census data
The study involved an analysis of deaths in all New Zealand men aged 15-64 during 1995-97, together with further analyses of the mortality data for 1985-87 and 1975-77. The methodology for the analyses of the data from the former two time periods has been described previously, 1, 7 and involved grouping the numerator (death) data and denominator (Census) data into social classes using three-digit codes of the 1968 version of the New Zealand Standard Classification of Occupations (NZSCO-68). 14 For the 1995-97 analyses, the denominator data for all men aged 15-64 was supplied by Statistics New Zealand using data from the 1996 New Zealand Census; the analysis was restricted Article to this age range because of the need for occupational information. The numerator data involved deaths in men aged 15-64 years during 1995-97 and were supplied by the New Zealand Health Information Service.
Classification of occupation
The classification of the mortality data was based on the 'current or most recent occupation' coded to the three-digit level of the 1990 version of the New Zealand Standard Classification of Occupations (NZSCO-90) 15 and the Census occupational information (on 'current occupation') was also obtained in three-digit occupational groups. As in previous analyses, 1,7 occupational information from death certificates was found to be inadequate for social class categorisation in women. Thus, the study was once again confined to men aged 15-64.
Classification of social class
The previous analyses 7 were based on the Elley-Irving socioeconomic scale. Occupations are classified into a six-point scale using an equal weighting of median income and median education level (class 1 is the 'highest' and class 6 is the 'lowest' socioeconomic group). In each instance, individuals were allocated to a particular social class on the basis of the 1968 version New Zealand Standard Classification of Occupations (NZSCO). 14 However, the 1996 Census data and the 1995-97 mortality data use the 1990 version of the NZSCO. 15 This represented a major change in the NZSCO codes from a status-based to a skills-based system, and there is no straightforward mapping between the two sets of codes. Thus, it was not possible to analyse the 1995-97 mortality rates using the Elley-Irving classification and the accompanying coding system that had been used previously.
The data were therefore instead analysed using the recently developed New Zealand Socio-Economic Index. 12 This was developed using the three-digit NZSCO-90 codes with each occupational category being allocated a score between one and 100 based on a 'returns to human capital' model of the social stratification process. The index was developed based on the 1991 New Zealand Census and the construct validation was carried out on data from the 1992/93 nationwide Household Health Survey using three indicators (self-assessed health, cigarette smoking and general practitioner visits). 12 The findings were consistent with the expected socio-economic patterns and it was concluded that the NZSEI "has a clear conceptual basis, updates existing SES scales, and provides a link to international standards in SES and occupational classification".
For the purposes of the current analyses, the NZSEI scores for the various occupations were grouped into the standard six categories: <30, 30-39, 40-49, 50-59, 60-74, and 75+. 12 There is some debate about the validity of the cutoff point for the highest social class category, and there would be some justification for using a cutoff of 70 rather than 75 (Blakely, personal communication). However, we used a cutoff of 75 for reasons of consistency with the published scale, 12 and in any case our focus was on the overall social class mortality trend rather than in the findings for specific social class categories. Thus, both the denominator (1996 Census) and numerator (deaths during 1995-97) data were grouped into the standard six NZSEI categories using the threedigit NZSCO codes. Previous analyses 11 had shown that farmers and agricultural workers represented a unique socio-economic grouping for which there is insufficient information (in the NZSCO-90 codes) for valid social class classification. Therefore, farmers and agricultural workers were excluded from the analyses (these represented 8.4% of the deaths and 7.5% of the Census data).
Data analysis
In each set of analyses, directly age-standardised mortality rates per 100,000 person-years were calculated for each social class. 16 All data were classified into five-year age groups and Segi's world population 17 was used as the standard. The class-specific findings were also presented as standardised rate ratios (SRRs); these represent the relative risk of mortality in each class compared with that for classes 1-6 combined.
The strengths of the social class mortality trends were assessed using a weighted linear regression of the age-standardised (or agespecific) class-specific mortality rates in order to estimate the slope of the overall age-standardised social class mortality trends. 18, 19 These mortality rates were regressed against the social class scores (in percentiles) for the midpoint of each social class category, with the regression weighted by the inverse variance of the rate for each class. The resulting regression coefficient and intercept were then used to estimate the Relative Index of Inequality, 19 which is the predicted relative risk for the 100th percentile (intercept + 100*slope) against the 0th percentile (intercept only).
Results
In men aged 15-64 years, there were 14,572 deaths during 1975-77, of which it was possible to classify 92% (13,423) into social classes (based on occupation). During 1985-87 there were 13,555 deaths, of which it was possible to classify 81% (11,013) into social classes. During 1995-97, there were 11,658 deaths of which it was possible to classify 78% (9,104) into social classes. Similarly, it was possible to classify 86% of the 1976 Census data, 81% of the 1986 Census data and 69% of the 1996 Census data into social classes. Thus, the unclassifiable category (which includes students, retired persons, invalids and the unemployed) increased from 8% to 19% to 22% of deaths, and from 14% to 19% to 31% of the denominator data from the Census. The latter increase is presumably due in part to the striking increase in unemployment over this period. 20 However, it is not known whether this fully accounts for the increase in the proportions of deaths that were unclassifiable. Table 1 shows the Elley-Irving social class distribution for New Zealand males aged 15-64 in 1976 and 1986. There was a small increase in the proportion of men in Elley-Irving classes 1 and 2 (high socio-economic status) and a small decrease in the proportion in classes 5 and 6 (low socio-economic status) in this time period. Table 1 also shows the 1996 NZSEI social class Notes: (a) The slope is the change in death rate per percentile change in social class score. (b) The Relative Index of Inequality is the predicted relative risk (from the linear regression of the death rates against social class percentile score) for the 100th percentile (intercept + 100*slope) against the 0th percentile (intercept only). distribution, which is generally similar to that for the Elley-Irving scale, except that the NZSEI scale has a lower proportion of people in the highest social class category (4.9% compared with 5.7% and 6.4%) and a higher proportion in class 2 (18.0% compared with 12.1% and 9.7%). The overall age-standardised mortality rate for men aged 15-64 was 338 per 100,000 person-years during 1995-97, a decrease of 21% compared with 1985-87. It is difficult to make valid comparisons of the pooled rates for classes 1-6 (i.e. excluding the unclassifiable category) with the overall mortality rate (i.e. including the unclassifiable category), because of the intractable problems with occupational classification. In particular, a relatively high proportion of deaths were classifiable because the death certificate records the current or most recent occupation, whereas the Census only records the current occupation. Consequently, in all three time periods the pooled rate for classes 1-6 was higher than the overall mortality rate (see Table 2 ). For this reason, all social class analyses were restricted to comparing the death rate in each class with the pooled rate for classes 1-6, and the data for the unclassifiable category was excluded from all further analyses. Table 2 shows the age-standardised mortality rates and standardised rate ratios in the three time periods under study. In 1975-77, the mortality rate varied from 451 per 100,000 person-years in Elley-Irving class 1 to 864 per 100,000 person-years in class 6. When the mortality rates were divided by the pooled rate for classes 1-6 (568 per 100,000 person-years), this yielded overall SRRs of 0.79 for class 1 and 1.52 for class 6. The overall social class mortality slope (the increase in the mortality rate per percentile change in social class score) was 3.37 per 100,000 person-years and the Relative Index of Inequality was 1.8, i.e. the predicted death rate for the 100th percentile of the social class scale was 1.8 times that of the 0th percentile. In other words, the (weighted) average increase in mortality associated with a 100% change on the social class scale (from the 0th percentile to the 100th percentile) was 337 per 100,000 person-years, which represented a change in relative risk from 1.0 to 1.8. Table 2 also shows the corresponding analyses for 1985-87 (Elley-Irving) and 1995-97 (NZSEI), and Figure 1 shows the social class mortality trends in the three time periods. The strengths of the social class mortality trends, as measured by the Relative Index of Inequality, increased from 1.8 in 1975-77 to 2.1 in 1985-87 to 2.3 in 1995-97. Direct comparison of the social class mortality patterns in the three time periods is complicated by the different social class scale used in the third time period. Nevertheless, the trend analyses, which take into account the differing Notes: (a) The slope is the change in death rate per percentile change in social class score. (b) The Relative Index of Inequality is the predicted relative risk (from the linear regression of the deaths rates against social class percentile score) for the 100th percentile (intercept + 100*slope) against the 0th percentile (intercept only).
sizes of the various social classes in the different time periods and classification systems and the overall decline in mortality, indicate that, if anything, the social class mortality gradient has increased between 1975-77 and 1995-97. Table 3 shows the 1995-97 data by age group. It shows that, unlike previous analyses, 1 the relative social class mortality gradient was just as strong in the older age-groups as in the younger age-groups, with the Relative Index of Inequality being 1.4 in the youngest age-group (15-24 years), and varying between 2.4 and 3.0 in the older age-groups. It should be noted, however, that the percentage of deaths that were unclassifiable was much greater in the 15-24 age group (55%) than in other age groups (28%).
Discussion
A number of potential methodological problems with analyses of this type have been discussed previously 1 and in the wider literature, where the issues of the potentially artefactual nature of socio-economic inequalities in health, and of their persistence over time, has generated considerable debate. 21 Of prime concern are potential biases caused by inaccurate reporting of occupation on Census forms and on death certificates, particularly when these two datasets are not directly linked, 22 as in the current analyses. Such numerator-denominator biases have now been investigated in the New Zealand Census-Mortality Study, 23 and it appears that they may affect the findings for some specific social class categories. In particular, numerator-denominator bias may be particularly strong for NZSEI social class 1 when using the standard cutoff point of 75 in the NZSEI score. However, such biases do not appear to be a major source of bias with regards to the overall social class mortality gradient. Our focus here is on comparing the social class mortality gradients across time, and there is no information available on whether such numerator-denominator biases have strengthened or weakened over time, but it is probably unlikely that they could account for the time trends reported here.
A second methodological problem is that membership of the lower social classes could be a consequence, rather than a cause, of chronic disease, 24 and that the persistence and possible widening of inequalities over time are the result of health selection and social mobility processes. 25 In general, such occupational drift within the employed population appears most unlikely to account for the observed mortality differences. 1 Of more concern in the current study is the related problem of drift between the employed and the unemployed population, particularly in a period of increasing unemployment. It has been argued that this bias would be likely to reduce rather than to increase the observed social class mortality differences, 26 although the mortality data in our analyses involve 'current or most recent' occupation (rather than solely current occupation) and this bias is therefore likely to be small. [27] [28] [29] Nevertheless, since the jobs lost in the 1980s and '90s were predominantly those requiring low skill levels, 20 it is possible that such bias may in part account for the relatively low mortality rate in class 6 in the 55-64 age-group in the current study and in the 1985-87 analyses. 7 In each instance, this lower rate in class 6 (than in class 5) in the oldest age group entirely accounts for the slightly lower age-standardised mortality rate in class 6 compared with class 5. On the other hand, there is a suggestion that the lower apparent mortality rate for NZSEI class 6 compared with class 5 is a consequence of numerator-denominator bias. Analyses in the New Zealand Census-Mortality Study for the 1991-94 period using the decedent's occupation on the 1991 Census find that the mortality rate is greater in class 6 than class 5 (Blakely, personal communication) .
A third major methodological problem with the current study is that the NZSCO classification changed markedly between 1985-87 14 and 1995-97. 15 This change will not bias the findings for 1995-97 in itself, but may make them non-comparable with the findings for the earlier time periods. In particular, it was not possible to use the previously used Elley-Irving classification for the 1995-97 analyses, and instead we used the recently developed New Zealand Socio-Economic Index (NZSEI). 12 The NZSCO-90 codes are less detailed than the NZSCO-68 codes, and it might therefore be expected that using the NZSCO-90 codes would result in more problems of random misclassification of social class. The resulting problems of misclassification would apply to both the numerator and denominator data for 1995-97 (both were based on the same three-digit NZSCO-90 codes) and would therefore be non-differential (with the exception of the exclusion of the data for farmers). Thus, these problems of misclassification would tend to reduce the magnitude of the observed social class mortality gradient. 30 Despite this, we found a stronger social class mortality gradient for the most recent time period, a result that is consistent with the international literature demonstrating that different scales of occupational class generate quite similar health disparities. 31 In fact, recent analyses by Blakely (personal communication) found very similar social class gradients when the Elley-Irving scale and the NZSEI scale (albeit using a different cutoff between classes 1 and 2) were both applied to the same dataset of mortality in males aged 45-64 years in 1991 for which the Census data were available for both the NZSCO-68 and NZSCO-90 codes. Thus, it seems unlikely that the increase in social class gradient over time reported here is due to the change in social class scale.
On balance, it seems reasonable to assume that the data presented here permit a valid comparison of the social class mortality patterns in the three time periods under study, although the findings must nevertheless be interpreted with caution. Although mortality declined by 15% between 1975-77 and 1985-87, and by a further 21% by 1995-97, the relative social class differences in mortality have not decreased and may even have increased.
These findings are generally consistent with evidence that socioeconomic differences have increased in New Zealand in the past two decades. [32] [33] [34] [35] Between 1985 and 1990, New Zealand's GDP fell by 0.7%, the worst record of any industrialised country, while unemployment more than doubled. 35 From 1989 to 1991, official unemployment figures increased from 7.1% of the labour force to 10.6%, 32 and most household incomes fell in real terms by 7.3% with the greatest proportional falls occurring in poor families with children. 32 The situation has improved in recent years, but this has occurred too recently to affect the analyses for 1995-97 reported here.
Explanations for the social class mortality differences have been sought at a number of levels, particularly since the publication of the Black report on inequalities in health in Britain 21, 36 and subsequent research showing that income inequality is a determinant of national mortality rates. 37 Within a social science framework the contrast has been drawn between structural/materialist and behavioural/lifestyle explanations, 21 in epidemiology between distal and proximate factors, 38 and in health promotion theory between 'upstream' and 'downstream' interventions. 39 Regardless of paradigm, investigators agree that socio-economic disadvantage affects all forms of disease and almost all key risk factors producing these diseases, as well as access to care. Furthermore, attempts to modify risk factors can on their own only have a limited effect on socio-economic disparities, although such interventions are likely to be more productive where attention is also paid to the broader social forces generating these disparities. 40 The growth of research on income inequality has helped to throw light back on to the long-established individual-level association of personal socio-economic status with health. Lynch et al 41 have summarised three possible explanations (from the social science perspective) for socio-economic differences in health: the individual income interpretation, the psychosocial environment interpretation, and the neo-material interpretation. The latter two interpretations are particularly relevant in the current context. The psychosocial environment interpretation proposes that socioeconomic differences affect health through perceptions of place in the social hierarchy, e.g. based on relative position according to income. 42 Thus, indicators of 'social capital', such as trust and belonging to and volunteering for community organisations, are strongly related to mortality rates. In contrast, neo-materialist explanations [43] [44] [45] argue that interpretations should start from the structural and material causes of inequalities rather than just perceptions of inequality.
Whatever the explanations of the differences, the primary significance of occupational and social class analyses is that they identify groups in the community that have an excess mortality which is potentially preventable. The findings of the current study indicate that this potential has not been fully realised in New Zealand. Social class differences have not decreased and may even have increased despite the overall decline in mortality. The findings of marked, persisting and even increasing socio-economic differentials in health are consistent with those for Europe, the United States and other developed countries. 26, 46, 47 While these results might be taken to indicate that such differences are an intractable product of the economic system, there remain emphatic reasons for responding to health disparities of this kind 48 since inequalities are unfair, they affect everyone, they are avoidable and, above all, interventions to reduce them are cost effective. Perhaps the first step to responding to a challenge of this nature is to ensure that the relevant information is available and close to the policy agenda. Thus, with reference to the previous New Zealand work, it has been argued that "the results give a startling view of the extent of inequalities in New Zealand society" 49 and that the significance of the findings was not merely academic but had major policy implications. The challenge for public health and health service workers is to ensure that these striking mortality differences are not perpetuated into the new millennium.
